Abstract: In this paper we study H ∞ tracking problems with preview by state feedback and full information for linear systems with impulsive effects on the finite time interval. We mainly consider the case that our systems are affected by discrete disturbance at jump instants. We mainly consider the problem that the reference signals are previewed in a fixed time interval and present state feedback and full information control laws for the H ∞ tracking problems. Our theory can be applied into robust H ∞ tracking problems with preview considering upper bounded uncertainties.
INTRODUCTION
It is well known that, for the design of tracking control systems, the preview information of reference signals is very useful for improving the performance of the closedloop systems, and recently much work has been done for preview control systems. Considering the effect of modelling uncertainties or disturbance is also very important on preview control theory. U. Shaked et al. have studied the H ∞ tracking theory with preview for continuousand discrete-time systems by the game theoretic approach ( [1] [2] [5] ).
Control theory for linear systems with impulsive effects (or linear jump systems), which contain linear continuous and discrete time systems, can be widely applied, for example, to mechanical systems, ecosystems, chemical processes, finantial engineering and so on. It has been reseached in detail by A. Ichikawa and H. Katayama( [3] ). Their theory can be also applied into the sampled-data control system with the control input realized through a zero-order hold and the sampled-observation.
In this paper we study the H ∞ tracking problems with preview in the state feedback and full information settings for linear systems with impulsive effects (or linear jump systems). Our systems are described by the ordinary differential equations with impulsive effects. We consider two different tracking problems according to the preview information structure and give the control strategies for them respectively. Our theory can be applied into the control system with the control input realized through a zero-order hold. Our theory can be also easily reduced to the case that only the preview information of a discrete reference signal is available, or the case that only whether the continuous input or the impulsive input is available.
PROBLEM FORMULATION
Consider the following linear system with impulsive effects. is an unknown initial state. We assume that all matrices are of compatible dimensions. Throughout this paper the dependence of the system matrices on t or k will be omitted for the sake of notation simplification.
The H ∞ tracking problems we address in this paper for the system (1) are to design control laws u c (t)∈L 2 [0, T ] and u d (k)∈l 2 [0, N] over the finite horizon [0, T ], N τ < T < (N + 1)τ using the information available on the known parts of the reference signals r c (t) and r d (k) and minimizing the sum of the energy of z c (t) and z d (k), for the worst case of the initial condition x 0 , the disturbances
Considering the average of the performance index over the statistics of the unknown parts of r c and r d , we define the following performance index. 
We obtain the following saddle point strategy for our game problem. (Also refer to the case of no any disturbances at jump parts in [4] ) Proposition 3.1. Consider the system (1) (3)(4) with (5) holds over [0, T ]. A saddle point strategy is given by
where
and θ c (t) is the 'causal' part of θ(·) at time t. This θ c is the expected value of θ overR s andR k and given by
where, for kτ
Moreover, the value of the game is
Next, utilizing the above saddle point strategy for our game problem, we present a solution to each of the three H ∞ tracking problems by state feedback. 
Case a) The control law for the H ∞ fixed-preview tracking is
with θ c (·) given by (7). Moreover, 
with θ(·) given by (6) and
4. PROOF OF PROPOSITION 3.1
In this section, we describe the proof of Proposition 3.1.
(Proof of Proposition 3.1) Sufficiency: Let X(t) be a solution to (3) 
. By considering (1) and (3), in the genaral case that {r c (·)} is arbitrary but not including any preview information, it can be shown that the following equality holds.
+B 2ûc + B 3 r c )}ds (10)
where On the other hand, with respect to jump parts, define
We first consider the case that {r d (·)} is arbitrary but not including any preview information. It can be shown that the following equality holds, using the jump parts (4) of the Riccati equation.(cf. [3] )
Notice that, in the right hand side of this equality, J d,k (r d ), which means the jump parts of the tracking error not considering the effect of the preview information, is added. In fact,
Now introducing the vector θ, which can include some preview information of the tracking signals,
12) where we have used the jump part
of the dynamics (6) to get rid of the terms that mix r c , θ and x, andJ d,k (r d ), which means the tracking error including the preview information vector θ, can be expressed byJ
By summing up these quantities ((11)),(12)) from t = 0 to t = T piecewise,
Since the left hand side reduces to 2008 considering X(T ) = O and θ(T ) = 0, we obtain
as the minimizing control strategy. Then 
FULL INFORMATION CASE
In this section, we present the solution of the H ∞ tracking problem in the case of full information such that, at each jump instant, all states and disturbances are observable. The H ∞ tracking theory in the full information setting, presented in this section, can be applied the H ∞ tracking problem by output feedback for linear jump systems which are affected by discrete disturbance at jump instants and the robust H ∞ tracking problem by output feedback for linear jump systems.
In this section, we do not consider the effect of any continuous inputs. Namely we assume B 2 ≡ O and D 12 ≡ O on the system (1).
We consider the following Riccati equation with jump parts for the system (1) with B 2 ≡ O and D 12 ≡ O.
Then we obtain the following thorem, which gives the necessary and sufficient condition for the solvability of the H ∞ tracking problem in the full information setting and the saddle point strategy for this game problem. 
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and (2) is solvable, the following results hold, using the gains 
CONCLUSION
In this paper, we have presented the H ∞ tracking theory with preview for linear systems with impulsive effects (linear jump systems) in the state feedback and full information cases. Our state feedback theory can be applied to the robust H ∞ tracking theory by state feedback, and our full information theory can be also applied to the robust H ∞ tracking theory by output feedback for uncertain linear systems with impulsive effects, where the auxiliary disturbance is introduced at impulsive parts. Their theory will be reported elsewhere.
